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SUMMARY

Analysis of the results obtained from a transonic wind-tunnel
investigation of two bodles of revolution having the same nose shape,
one incorporating a cylindrical afterbody and the other incorporating a
curved afterbody, indicated that the pressures over the forward portions
of the bodies were the same, whereas, the induced velocities over the
rearward portions of the curved body were greater than those over the
cylindrical body. However, the cross-section normal loads were greater
over the rearward portions of the cylindrical body. Variation of the
aerodynamic characteristics with Mach number was rather small for both
bodies. The cylindrical body exhibits better stability characteristics
than the curved body. The theory of NACA Rep. 1048 regarding the aero-
dynamic characteristics of the bodies is in fair agreement with the
results of this paper.

INTRODUCTION

A detailed study of the pressures and resulting forces for a body
of revolution, designated "curved body" in this report, at transonic
speeds has been presented in reference 1.

The present tests were undertaken in order to provide aerodynamic
load data for a body of revolutlon having an ogive nose and cylindrical
afterbody and to compare the aerodynemic characteristics of this body
with the body of reference 1 at transonic speeds. . The body used in the
present test is designated "eylindrical body" herein. A comparison of
various theoretical aerodynamic parameters with experimental values is
included.

The tests reported herein were made for a Mach number range from 0.6
to 1.13 and an angle-of-attack range from 0° to 20°., The Reynolds number
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range corresponding to the Mach number range varied from 3.5 X lO6 to
3.9 X 106 per foot of length.

woe

SYMBOLS

plan-form area of body

pitching-moment coefficient around the nose, based on
maximum body cross-sectional area and body length

normal-force coefficient, based on maximum body cross-
sectional area

section drag coefficient of an infinite cylinder
Ny

transverse section normal-force coefficient, ——m—

gD d(x)

Nn
Ry 4(0)

diameter of body at any station

meridian load coefficlent,

length of body

Mach number

elemental force on meridian body section of width R d(e)
(force vector is normal to body axis and makes an

angle © with vertical plane of symmetry)

elemental force on transverse body section of length a(x)
(force vector is normal to horizontal plane of symmetry)

pressure coefficient

volume of body

dynamic pressure

radius of body at any station

base area of body
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X distance from nose of model, positive rearward

Xm moment center

Xp centroid of body plan-form area

Xep center-of-pressure location

y distance from vertical plane of symmetry

oA angle of attack

1 ratio of the drag coefficient of a finite cylinder to the
section drag coefficlent of an infinite cylinder at
a = 90°

9 meridian station, 0° at top

Subscripts:

max maximum value

L lower surface

U upper surface

APPARATUS AND METHODS

Tunnel

All the data discussed herein were obtained from tests conducted in
the Langley 8-foot transonic tunnel. At present, this tunnel has a
dodecagonal slotted test section and 1s capable of continuously variable
operation through the speed range up to a Mach number of 1.14. A test
section used previously in thils tunnel did not incorporate slots, but
had a closed throat. All the data for the cylindrical body and most of
the data for the curved body were obtained from tests in the slotted test
section. A small portion of the data for the curved body was obtained
from tests in the closed-throat test section.

Tunnel-wall-interference corrections were not applied to the data
obtained from tests in the slotted test section because choking and
blockage effects are negligible, especially for the small ratio of model
to tunnel size of the present tests. Effects of wall-reflected disturb-
ances have been reduced by offsetting the model from the tunnel center
line.
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Bodies

A drawing of the two bodies 1s presented in figure 1. The cylin-
drical body has the same dimensions as body D of reference 2. The
curved body is the same body as that used in references 1 and 3 and is
simllar to, but slightly longer than, body & of reference 2. Both the
curved and cylindrical bodies have the same dimensions forward of the
20~-inch body station.

Fach of the models was instrumented with six rows of orifices
spaced along meridians of the body. Each row contalned 20 or more ori-
fices. The relative size of the stings employed to support the model
in the tunnel 1s indicated in figure 1.

Measurements

Pressure.- The pressures existing on the surface of the cylindrical
body were measured by connecting the orifices to a multitubed manometer.
In order to determine the forces on the model, these pressures were inte-
grated as discussed in the section of this report entitled "Presentation
of Results." The pressure data and associated aerodynamic parameters for
the curved body were obtained from references 1 and 3.

The repeatability of the pressure data presented herein as affected
by the pressure measurements, angle of attack, orifice size and location,
and other factors may be Judged from figure 2. The largest errors occur
near the nose where they are as large as AP = ¥0.015. The accuracy is
much better over the remainder of the body. The average error, as deter-
mined from the data presented in figure 2, is AP = *0.005.

Angle of attack.- The angle of attack for the cylindrical body was
measured by an electrical strain-gage pendulum device mounted internally
near the base of the support sting. Sting and model deflections
occurring ahead of this point, due to forces and moments acting on the
model, were determined from static tests. These corrections were applied
to the angles of attack, although the maximum deflections occurring
during the investigation were approximately 0.1°. The angles of attack
were also corrected for the approximately 0.1° upflow existing in the
Langley 8-foot transonic tunnel. The absolute accuracy of the angle-of-
attack measurements is estimated to be within 0.1°.
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PRESENTATION OF RESULIS

Pressure Coefficients

A1l the pressures measured for the cylindrical body are presented
in table 1. The longitudinal distribution of pressure coefficients for
the cylindrical body at 00 angle of attack is presented in figure 3.
Also shown in this figure is the pressure distribution for the curved
body from references 1 and 3. The longitudinal distribution of pressure
coefficient at the other angles of attack are presented in figure 4 at
three Mach numbers (approximately 0.8, 1.00, and 1.13).

Normal Force and Pitching Moment

A comparison of the normal-force and pitching-moment coefficients
for the two bodies is presented in figures 5 and 6, respectively. All
the data for the curved body were obtained from reference 1. In order
to compare the pitching-moment characteristics of the two bodies, the
moment coefficients were taken about the nose of the bodies.

The integral equation used to compute the normal-force coefficients
for the cylindrical body was

i 0.5 1
CNF = - 8L  /n cos © P —9—— d(i) d(fi)
Dmax 0 0 Drax L 2

and that used to compute the pitching-moment coefficient was

0.5 1
Cr = BSE;\/Z cos ek/; P D;;XGE) d(%) d(E%)

The coefficients presented at o = 20° could have been lowered as
much as 25 percent of the value shown by changing the fairings of the
graphical integrations. However, the data presented for the cylindrical
body agree with the strain-gage data vpresented in reference 2. The fairing
choice does not exist at o < 8° but this margin increases with angle of
attack as the angle is increased from 8°.

The theoretical values of normal-force and pitching-moment coefficient
shown in figures 5 and 6 were computed by the method described in refer-
ence 4. The equations for these coefficients may be written as follows:
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O = ——5 o + dpeg —=— o
F “Dmaxg ¢ “Dmax2

8 (9 Ap )2

The values of n and cq, used in the calculations for the c¢ylindrical

body were 0.7 and 1.2 and were chosen from reference 5 and references 6
and T, respectively. The plan-form area Ap, the body volume Q, and

the location of the centroid of the body plan-form area Xp were deter-
mined from graphical integrations of suitable geometric parameters.

Center of Pressure

A comparison of the center-of-pressure locations for the two bodies
is presented in figure 7. The data for the cylindrical body were com-
puted from the normal-force and pltching-moment coefficlents of figures 5
and 6. The center-of-pressure data for the curved body were obtained
from reference 1.

i

Detailed Aerodynamic Loads

The meridian normal-load distribution is presented for three Mach
numbers (0.80, 1.00, and 1.13) through the angle-of-attack range in fig-
ure 8. This coefficient ¢, 1s defined in such a manner that the load
perpendicular to the fuselage center line on a stringer section RA(6)
wide is  cppalRpoy d(e). Accordingly, Cpn 1s computed from the graphi-

cal integration along a body meridian as follows:

1
o == [y 5 ® o)
0 “max L

The longitudinal distribution of body cross-section normal loads at
M = 1.00 is presented in figure 9. The pressure dabta were computed by
a graphical integration

¢y =/;)l (I;L - Py) d(%)
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The theoretical values of Cn

were computed by the method of
max

reference 4. The equation for a body of revolution may be written as

follows:

‘Cn = ﬂ(%) o + T]Cdcdle

DISCUSSION OF RESULILS

Pressure Distribution

The pressures over the nose of both bodies, forward of the 20-inch
station, are very similar to each other through the range investigated
(figs. 3 and 4). Some of the differences observed near the tip of the
nose are due to slight differences in the body shape at the apex. In
general, the pressures over the rearward portions of the curved body are
lower than those over the rearward portions of the cylindrical body.
The typically characteristic rearward movement of the shock location
with Mach number increases may be observed in figure 3. At M = 0.99
the shock is located at approximately the 20-inch body station of the
cylindrical body, whereas at M = 1.05 the shock has moved to the
37-inch body station.

The compressions shown for the cylindrical body in figure 3 at
M = 1.08 and 1.10 at approximately the 30- and 34-inch stations, respec-
tively, are probably due to the bow wave reflected from the tunnel wall
and would not be evidenced in free flight. The expansions seen at the
rear of the cylindrical body are caused by the air turning around the
corner.

Normal-Force Characteristics

As shown in figure 5, the cylindrical body develops greater normal
force at a given angle of attack and Mach number than the curved body.
The change in normal-force coefficient with Mach number is insignificant
at the lower angles of attack, but there is a small increase in normal-
force coefficient with Mach number at the higher angles of attack.

The prediction of the normal-force coefficients by the method of
reference 4 is rather accurate at the lower angles of attack. In general,
the measured values fall well below the theoretical values at the higher
angles of attack. As mentioned previously, alternative fairings permis-
sible for the integrations would result in even lower values for the
measured data. The cross-flow Mach number is less than 0.4 at the highest
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stream Mach number and at an angle of attack of 20°. Accordingly, the
values of c¢g, are constant. Therefore, the theory does not predict

the variation of normal force with Mach number shown by the measurements.

Pitching-Moment and Center-of-Pressure Characteristiecs

Examination of the pitching-moment data (fig. 6) indicates that the
curved body exhibits either neutral or slightly unstable characteristics
for the center of gravity at the nose or unstable characteristies for
more rearward locations of the center of gravity. The cylindrical body
exhibited more stable characteristics Inasmuch as the center of pressure
is located behind the 12-inch station for all conditions. It 1s also
noted that the variation of the center-of-pressure location with Mach num-
ber is irregular and small (fig. 7).

The agreement of the measured pitching-moment coefficient with the
theory is similar to that found for the normal-force coefficients. In
general, when the normal-force coefficlents are overpredicted, the
negative pitching-moment coefficients are also overpredicted. Exami-
nation of the equations for CNF and CMF’ given in the section entitled

"Presentation of Results,' indicates that the probable cause for the dis-
agreement noted between the measured and predicted coefficients is asso-
ciated with the values selected for n and cg,. Had lower values of

cd, and 7 been used the agreement would have been better.

Detailed Load Characteristics

The maximum meridian load is developed at approximately the
105° meridian (fig. 8). Tt is observed that the loads do not vary
appreciably with Mach number.

Examination of figure 9 indicates that although the cross-section
normal loads over the forward portions of both bodies are similar, the
loads over the rear portion of the cylindrical body are greater than
those for the curved body. This is the reason that the pitching-moment
characteristics of the cylindrical body are more stable than those for
the curved body. The differences observed between the normal-force and
pitching~-moment characteristics for the two bodies are not caused by the
added length of the cylindrical body.

Comparisons of the measured and theoretical values of cross-section
normal-~load coefficient indicate that the theory is in falr agreement
with the measured values at angles of attack below 12°. The theoretical
values show the same agreement at the forward and rearward portions of
the eylindrical body. It is econcluded that the errors between theory
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and measurement for the cylindrical body at the higher angles of attack
are due to the inadequacy of available data for selecting 1 and Cdp*

The disagreement between the theory and the measurements at the rearward
end of the curved body may be due to sting interference. It should be
noted that, at angles of attack above 12°, integration of the curves of
figure 9 does not give as large a value for CNF as those plotted in

figure 5. The data presented for the cylindrical body in figure 9 have
been faired consistently with the data of reference 1, whereas the data
of figure 5 agree with the strain-gage data of reference 2.

CONCLUSIONS

Analysis of the results obtained from a transonic wind-tunnel investi-
gation of two bodies of revolution, one incorporating a cylindrical after-
body, the other incorporating a curved afterbody, indicates:

1. The pressures over the nose of both bodles are very similar
although higher induced velocities exist over the rearward portions of
the curved body; however, the cross-section normal-force coefficient is
greater over the rearward portions of the cylindrical body.

2. At a given Mach mmber and angle of attack, the normal-force
coefficient for the cylindrical body is greater than that for the curved
body.

3. The center-of-pressure location was more rearward for the cylin-
drical body than for the curved body. Consequently, the cylindrical body
exhibited more desirable stability characteristics.

4, The variation of normal-force and pitching-moment coefficients
with Mach number is rather small, especially at the lower angles of
attack.

5. The maximum meridian load for the cylindrical body occurs at
approximately the 105° meridian.

6. The theoretical normal-force and pitching-moment characteristics
of both bodies are in fair agreement with the results of this investigation.

Langley Aeronautical laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., December 9, 1953.
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TABLE T

PRESSURE DATA, CYLINDRICAL BODY

(a) M= 0.60

Pregsure coefficients at row -

a=0°

9 =15°

0=1055°

0 =135 lo = 180°

3=0°

6= k5°]e = 75°]:= 105°L =135° la =180°

8=0° [e=ksile=75° 8 =105°

8=135° Ie =180°

9=75°l
@ =

20°

a = 16°

o= 12°

11
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TABLE I.- Continued

PRESSURE DATA, CYLINDRICAL BODY

(b} M= o0.80

Pressure coefficients of row -

8=180° lle=0° [a=145"p="75%]8 = 105° 8= 135° 6=75{0 = 105°]0 = 135°

X, in.
e=o°J§=l+5° 8=135°

e=75°|e=1<>5° 8=180°l o= 0° (e=h5° 8 =180°

« = 20° @ = 16° o= 12° !
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TABIE I.- Continued

PRESSURE DATA, CYLINDRICAT BODY

(c) M= 0.8

Pressure coefficients of row -

lo=o® Ie=h5°

8="T5°

0=105°

0.=135°

6 =180°

8=0° |0=150.= 75° B = 105° |8 = 135°

8= 18¢°

8=.0°

8=145%|8=75°|8=1205%{8 =135°|p = 180°

15
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TABIE I.- Continued

PRESSURE DATA, CYLINDRICAL BODY

{a) M= 0.90

Pressure coefficients of rov -

x, in. e
’ 8=0° e=h5°‘a=75° e=105°19=135°|e=160° 8=0° e=h5°‘e=75°[e=1os°le=135° 0=180°%| 8= 0° 1e=!+5° e=75°le=105° 8= 135°|9 = 180°
a = 20°
0,019 | ~mmmsn el | e v || 0. 08T
- 03k -.007

-.028
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TABLE Y.- Continued

PRESSURE DATA, CYLINDRICAL BODY

{e) M= 0.95

Pressure coeffictents of row -

o=0°"

0=15°

e=75°19=m5°]e=135°le=180°

8=10°

0=45°8=T75° = 105°0 = 135°

8=180°

8=45%g =75° e=105°le =135°‘9=180°

15
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TABLE I.- Continued

PRESSURE DATA, CYLINDRICAL BODY

(£) M= 0.98

NACA RM L53L28a

Pressure coefficients of row -

8=0° 1 e=h5°le=75°!e=105°‘9=135°le=180°

e=o°! e=h5°le=75°ie =105°le=135°le=180°

8=0° ] e=u5°!e=75°|e=105°1e=135°|e =18¢°

a = 20°

o= 16°

= 12°




NACA RM L53L28a

TABIE I.- Continued

PRESSURE DATA, CYLINDRICAL BODY

(g) M=1.00
Pressure coefficienta of row -
X, in,
o=0° , e=h5"le =75°,e =1o5°,e =135°,e =180%|[8 =02 {e =h5°,e= 75°'e= 105°,9 =155°ie =180°(| 8 = 0% i [ =I+5°!e = 75°|9= 105"19 = 135"}9-: 180%
o= 16° o= 12°
.50 0.106
1.50 037
2,50 Lo11
3.50 -. 009
k.50 -.026
2.50 - ObT
6.50
8.50
10,50
12,50
14,50
16.50
17.17
18,17
19.17
20.17
21,17
22,17
23.17
2k, 17
25.17
26,17 | mmmmmed =2 086)ccmcan] 1235 | eeaan | 148 || —meme
27.17
28,17
29,17
30.17
31.17
32,17
33.17
3h,17
35.17
36,17
37,17
38,15
38,40
38.65
38.90
39.15
o= 0°
.50 0.226
1.50 "158
2.50 T
3.50 .oTT
k.50 L0535
2-50 023
6.50 _l o0k
8,50 _.o1k
10,50 ok
12,50 -.050
14.50 ~+ 069
16.50 = 065
17.17 Z.om0
18,17 _ 068
19.37 -.051
20,17 - 039
21,17 ot
22,17 .020
23.17 o2
2k, 17 o7
&1t 013
26,17 ] wonmm| 20009|mmmmmn] w0036 | mmmmm | OBH | weene | 005(cmmmme| L0053 | —memm | .02O ] ~emen
27,17 .006
28,17 .006
29.17 003
30.17 o010
31,17 o002
32,17 o0z
b3 7 L8 s, (RNNRUNPU [VIOIUON DRV SEpRNE, BVROSROR | INYs'sYs QPN NSNS SUNPRRRE R - ook
34,17 o1
35,17 | 2000] mmmmme] mmmmmn] emecee | mmee | mmmme || 2001 | mmec et e | mlees | o 002
36.17 ‘o002
37.17 1005
38.15 019
ELNTCY L | [PURIE] P Nt I R | Y IR PG SR [T B 29
38,65 [ = 050] mommma| oo e | meee | e ] 0052 | mmmmec e | e - Oh6
38,90 | o071 mmmmme| cmmoe] mmman | mmmm | e || 20078 | e | e 079
39.15 -7
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TABLE I.- Continued

PRESSURE DATA, CYLINDRICAL BODY

(h) M=1.0%

NACA RM L53L28a

X, in.

Preggure coefficients of row -

6=0°

8=15°

o= 75°E= 205°

8=135%]|8= 180°

9= 105°l 8=135°18=180°

8=0° | 8=45% 8=75°

8=0°] 8=45°

8= 75°le = 1@019 = 13598 = 180°

@ = 20°

a = 16°

a = 129

0.158

0.288

.019
-.018
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TABLE I.- Continued

PRESSURE DATA, CYLINDRICAL BODY

{1) M= 1.08

Presgure cosfficients of row -

e e e

9=135% 19 =180°

6=00 l9=1+5°‘e=75°le=1o5°le=135°1e=180°

§=0° e=u5°‘s=75°Ie=1os°le=155°feslsc°

o = 20°

= 16°

o = 120

19
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TPABLE I.- Continued

PRESSURE DATA, CYLINDRICAL BODY

() M=1.10

NACA RM L53L28a

X, in.

Pressure coefficients of row -

6= 0% ! 8=45%

a=75°‘e=ms°le=155°

0= 180°

9= 0° ]e:h5°le=75°le=105°le= 1‘55"!9 =180°

=0

0= us"le: 75°]e = 105°|e = 155019 =18¢°

0.50

0.50

6.50

8.50
10.50
12,50
14,50
16.50
17.17
18,17

19.17
20.17
21,17
az.17
25.17
24,17
25.17

26,17
27.17
28.37
29.17
30,17
31,17
32.17

33.17
34,17
35.17
36. 17
37.17
38,15
38.40

38.65
38.90
39.35
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TABLE I.- Concluded

PRESSURE DATA, CYLINDIRCAL BODY

{k) M=1.13

X, in.

Pressure coefficients of row -

8=0° I e=u5°h=75°

9= 180°

8="105°| 6 = 135°

9=145°

8="T5° le =105°}8 = 135°

6= 180°

9=0°

8.=15°

6= 75°}0 =105°] 8.2 135°] 0 = 180°

o = 20°

o= 16°

o = 12°

0.079
.023
.008
.012
<005

~.016

- 01

0.50

6.50

8.50
10.50
12,50
14,50
16.50
17.17
18.17

19.17
20,17
21.17
22,17
25.17
2,37
25.17

26,17
27.17
28,17
29.17
30,17
31,17
32.17

33.17
34,17
35.17
36.17
37.17
38.15
38,40

38.65
38.90
39.15

21



NACA RM L53L28a

22

(*seoyout ut SUOTSUSWIP JIBOUTT) °STTBISP Lpog ~*T oan3Td

yibus} 9SON
0002

Joddns buys £pog POLPUAD
> Apog paan)

yibuaj Apog nmi:.o

|
_ﬁ ceee

yibuaj Apog j2upPUIAD

PrASA



coefficient, P

Pressure

NACA RM L53L28a

Meridian,deg
e} O
0o 45
& 75
A 105
vi35
>{80
-2
on 8 8 10
0 ©
UG
2 M=0.80
-2
&
D o i §@o§$0ga ‘
0 2 Logoonene
o
5 o
@] M=1.00
-2
- 2
0 3
Yol
5 C
M=L13

fn)
0 4 8 12 16 20 24 28 32 36
Body length,in,

Figure 2.- Aecuracy of pressure measurements. a = 0°.
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Figure 5.- Comparison of normal-force coefficients. (Flagged symbols
represent data from closed-throat tunnel; unflagged symbols represent
data from slotted-throat tunnel.)
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Figure 6.~ Comparison of pitching-moment coefficients.
represent data from closed-throat tunnel; unflagged symbols represent
data from slotted-throat tunnel.)
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